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That  the  function of the  parathyroids is  in  some  manner con- 
nected  with  the  metabolism of  protein was  suggested  in  I894  by 
the  experiments  of Verstraeten and  Vanderlinden,  1 who  observed 
that the tetany following parathyroidectomy was more violent and 
appeared  sooner after the operation if the animals were kept on a 
meat diet.  Within the past two years,  MacCallum and Voegtlin,  2 
in a  study of dogs with parathyroid tetany,  found in the urine an 
increase  in  the  excretion of  total nitrogen  and  ammonia with  an 
increased  ammonia ratio.  In  the  blood  there  was  noticed  an  in- 
crease  in  the  amount of ammonia during tetany,  and  in  one  case 
lactic  acid  was  found.  Underhill  and  Saiki  3  found  an  increased 
ammonia  percentage  excretion  after  complete  thyroparathyroid- 
ectomy, and Berkeley and Beebe* state that they have confirmed this. 
Later  Underhill  and  Hildilch  ~  found  that  this  increased  per- 
centage  of  ammonia  in  the  urine  was  not  present  after  thyroid- 
ectomy alone.  Musser and Goodman,  6 in a study of a case of tetany 
following removal of the thyroid and presumably the parathyroids, 
report a  greatly increased excretion in urinary ammonia.  In addi- 
tion to the  foregoing observations  on metabolism, Thompson and 
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Leighton  7  found  that  the  slow  destruction  of  parathyroid  tissue 
brought about by ligating the glands is  followed by a chronic nutri- 
tional  disturbance  with  progressive  loss  of  weight  and  strength, 
and  a  final  stuporous  condition  ending  in  death  without  tetany. 
This  same  condition  has  been  noticed  by  other  investigators  in 
animals  from  which  presumably  all  parathyroid  tissue  had  been 
removed.  It is  usually considered that  some remnant of parathy- 
roid which remained imbedded in one of the thyroid lobes was suffi- 
cient to  prevent an acute  insufficiency, and  that  the  symptoms of 
disordered  nutrition  were  probably  due  to  a  chronic  parathyroid 
insufficiency. 
The experiments here reported consist of a  series of observations 
on  the urine of parathyroidectomized dogs.  Various  nitrogenous 
substances were estimated daily, and in two experiments a  routine 
test was made for lactic acid. 
The animals used were female dogs, varying in weight from 5 to 
lO.6  kilograms.  They were kept in  metabolism  cages under con- 
stant and comparable conditions.  All were given water daily by the 
stomach tube and were catheterized each day at the same hour,  in 
order to obtain constant amounts of urine.  None developed cystitis. 
All but one of the animals were allowed to  fast during the experi- 
nlents in order that the nitrogenous equilibrium  would not be dis- 
turbed by anorexia or vomiting when tetany developed.  All opera- 
tive procedures were carried out under complete ether anesthesia. 
Chemical  Methods.--All  estimations  except those  of  lactic  acid 
were done in duplicate. 
Total nitrogen 
Ammonia 
Urea 
Creatinin 
Amino nitrogen 
The methods used were as follows : 
Kjeldahl's method. 
Folin's method. 
Levene and Meyer's method,  s 
Folin's method. 
Van Slyke's method2 
Lactic  acid  was  estimated  as  follows:  About  half  the  daily 
output of urine was evaporated to dryness on the water-bath after 
being  made  slightly  alkaline  with  sodium  carbonate;  the  residue 
was extracted with alcohol,  filtered, acidified with phosphoric acid, 
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TABLE  I. 
Control  Experiment. 
Dog 4, black terrier.  Weight 7.3 kilos.  Fed constant diet beginning  November 
e7.  Allowed  to  fast  beginning  December  7.  Given  350  c.c. of  water  daily  b3~ 
stomach  tube. 
Amount in  c.c.;  N  in  form of  Per cent.  of N  in 
Date.  specific gravity ;  Total N  in  gms.  ammonia in  form of ammonia. 
reactlon,  gms. 
Dec.  2-  3 
3-4 
"  4-5 
"  5-6 
"  6-7 
7-8 
"  8~9 
,,  9_1o 
"  IO--II 
II--l~. 
ii 
12-I3 
"  13-14 
"  14-I5 
"  i5_16 
,,  i6._i  7 
,4  i7" 
450 
lO15 
acid 
42o 
IO16 
acid 
44o 
lO14 
acid 
42o 
lO15 
acid 
2o5 
lO33 
acid 
34o 
lOIO 
acid 
46o 
1oo9 
add 
445 
lOIO 
acid 
380 
1012 
acid 
500 
IOl  5 
amphoteric 
345 
IOII 
acid 
340 
1o1I 
acid 
360 
1OlO 
acid 
390 
lOO9 
acid 
36o 
lOO9 
acid 
Observation  stopped. 
ammonia. 
5.23 
5.14 
5.I5 
5.32 
5.66 
2.76 
2.44 
2.4o 
2.64 
2.44 
2.27 
2.9o 
2.60 
2.36 
2,23 
0.260  5.0 
0.254  4.9 
0.233  4.5 
.o286  5.4 
0.277  4.9 
o.I46  5.4 
o.129  5.3 
o.114  4.7 
o.123  4.6 
0.I50  6.I 
o.12o  5.3 
o.132  4.6 
o.I43  5-5 
o.I49  6.3 
o.132  5.9 
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TABLE  II. 
Control  Experiment. 
Dog  9.  Weight 7.8  kilos.  Fed constant  diet  March  z4  to  23.  Allowed  to  fast 
March 24  to April L  Given  3o0  c.c.  of water daily  by stomach  tube. 
Date. 
March  22-23 
"  23-24 
"  24--25 
"  25--26 
-  26_2,.  I 
"  27_28 
"  28_29 
"  29--30 
"  30-3i 
"  3 I-April I 
Amount in c.c.; 
specific gravity; 
reaction. 
460 
IO2O 
acid 
450 
I020 
acid 
280 
I010 
acid 
340 
lOO9 
acid 
290 
IOlO 
acid 
320 
lOO9 
acid 
225 
lO19 
acid 
315 
IOiO 
acid 
230 
xoI5 
acid 
215 
lO15 
acid 
Total N 
gms. 
5.50 
5.46 
3.05 
2.85 
2.9x 
3.18 
3.17 
3.04 
3.o7 
3.1o 
N in form of 
ammonia in 
gins. 
0.257 
0.275 
o.134 
o.146 
o.154 
o.163 
o.183 
o.186 
o.143 
o.15o 
Per cent. of N 
in form of 
ammonia. 
4-7 
5.0 
4.4 
5.I 
5.3 
5.1 
5.8 
6.I 
4.7 
4.8 
Remarks, 
Fasting. 
Operation. 
On  March  27,  parathyroidectomy was  performed,  which  was  apparently  in- 
complete.  The  animal developed no  signs of  tetany during the month  following 
the  operation.  No  increased  excretion  of  nitrogen  or  ammonia  occurred. 
again evaporated, and extracted with ether.  The ethereal extract 
was filtered, evaporated, and the residue taken up with water.  If 
Uffelmann's test was given by this aqueous solution, lactic acid was 
considered to be present.  To make more certain that the substance 
present was lactic acid, the final aqueous extracts of four successive 
specimens which gave Uffelmann's test were united, warmed with 
lead hydroxide, filtered while hot, acidified, and the lead precipitated 
by hydrogen sulphide.  The zinc salt was then formed by heating 
with zinc carbonate, the solution filtered, concentrated to small vol- Jean  V.  Cooke.  443 
ume,  and  the  salt  allowed  to  crystallize  at  room  temperature. 
Characteristic crystals of zinc lactate were formed. 
Tables  I  to  IX  show  in  detail  the  experiments  and  the  daily 
urinary findings. 
TABLE  III. 
Dog 2.  Weight 9.4  kilos.  Fed  constant diet November  z3  to  26.  Allowed  to 
fast beginning November 27.  Given 35o c.c. of water daily  by stomach tube. 
Amount in  Total  N in  form  Per cent.  of N 
Date.  c.c.;  specific  N  in  of  in  form of 
gravity;  gins.  ammonia  ammonia. 
reaction,  in rims. 
405 
ffov. 25-26  xo23  5.76 
acid 
540 
"  26-27  Ioi4  5.74 
acid 
360 
"  27-28  ZOIO  2.60  0.I34  5.2 
acid 
425 
"  28--29  I009  2.32  0.X23  5.3 
acid 
285 
"  29--30  IOI2  2.57  o.I34  ~  5.2 
acid 
405 
"  3o-Dee.  I  IOIO  2.56  o.I32  5.2 
acid 
4Io 
)£N~.  I--2  rozo  2.35  0.I23  5.2 
acid 
260 
"  2--  3  IOI6  3.08  o.I6o  5.2 
acid 
465 
"  3-4  Ioo9  3.07  0.272  8.8 
acid 
425 
"  4-5  xo2o  5.49  0.795  x4.4 
alkaline 
255 
"  5*  r012  1.83"  0.504  27.5 
alkaline 
N in form of 
creatinin in 
gms. 
0.0592 
0.0565 
0.0586 
0.0586 
0.0565 
0.0604 
0.0592 
0.0565 
0.0227 
Remarks. 
Fasting. 
Operation. 
Tetany. 
Tetany. 
On December 2,  the right  lobe  of the  thyroid  and  two  parathyroids  from  the 
left lobe were  removed.  Violent tetany developed  on December 4  and  continued 
on  December  5.  The  dog  was  found  dead  on  the  morning  of  December  6. 
There  was  a  marked  increase  in  excretion  of  total  nitrogen  and  ammonia  after 
the operation. 
*The  dog  died  before  this  24  hour  specimen  was  complete,  and  the  urine 
obtained  represented  approximately  8  hours.  The  increase  in  the  ammonia 
ratio,  however,  is  quite  marked. 444  Changes  in  Metabolism after  Parathyroidectomy. 
TABLE  IV. 
Dog  Io.  Weight  6.8  kilos.  Fed  constant  diet  April  i  to  13.  Allowed  to  fast 
beginning  April  I4.  Given  250  c.c.  of  water  daily  by  stomach  tube. 
Amount in c  c  "  ~ .....  N  in form of  Per cent. of  N 
ammonia in  in form of  Date.  specific gravity  [  ± ota~:~,  m  ~  R ....  ks. 
reaction,  g  "  gins.  ammonia. 
April  I2-I3 
"  13-14 
I4-I  5 
I5--I6 
"  I6--I7 
"  i7_i8 
"  i8--i9 
"  I9--20 
"  20--21 
"  21-22 
22--23 
"  23-24 
"  24--25 
"  25_26 
"  26-27 
"  27--28 
"  28 died 
37 ° 
I020 
acid 
2I 5 
Io27 
acid 
275 
IOII 
acid 
250 
IOIO 
acid 
235 
IOIO 
acid 
295 
I009 
acid 
IIo 
Io3I 
alkaline 
3o5 
IOI  5 
acid 
200 
I020 
acid 
275 
IOI4 
acid 
2"r 5 
IOIl 
acid 
240 
IO12 
amphoteric 
215 
IOII 
acid 
I9O 
IOII 
acid 
235 
IOI2 
acid 
I9O 
IOI2 
acid 
508 
4.93 
2.65 
1.69 
2.07 
2.00 
1.94 
o.I57 
0.I54 
o.I43 
0.I32 
0.098 
O.II  4 
0.I34 
0.203 
0.207 
0.172 
o.143 
o.137 
o.137 
o.123 
0.I29 
o.x23 
3.0 
3.I 
5.4 
5.3 
5.I 
5.4 
6.6 
4.9 
5.9 
6.0 
6.2 
6.0 
8.1 
5.9 
6.4 
6.3 
Fasting. 
Operation. 
Tetany. 
Tetany. 
Tetany. 
Tetany. 
Tetany. 
Tetany. 
Tetany. 
Tetany. 
On  April  I8,  parathyroidectomy  was performed,  the  entire  right  lobe  of  the 
thyroid  and  two parathyroids  from the  left  lobe  being removed.  Tetany  devel- Jean  V.  Cooke.  445 
oped on April 2o and continued until the death of the animal on April 28.  There 
is a  slight but definite  increase in the excretion of nitrogen and ammonia follow- 
ing the  operation. 
TABLE  V. 
Dog  6.  Weight 5.6  kilos.  Fed  constant  diet January  r  to  zS.  Allowed  to  fast 
January  z9  to  27.  Given  350  c.c.  of water by  stomach  tube  daily. 
Date. 
Jan. 18-19 
-  i9_.2o 
*l  20--2I 
J*  21--22 
f'  22_23 
*'  23--24 
"  24-25 
"  25_26 
'*  26-27 
"  27 died 
Amount 
in c.c.;  i 
specific  i 
gravity ;  i 
reaction. [ 
350 
lO29 
acid 
lost 
380 
IOIO 
acid 
255 
I020 
acid 
350 
I012 
acid 
370 
IOli 
dkaline 
380 
1020 
dkaline 
300 
1o19 
acid 
270 
1022 
acid 
Tota]  N in form  N in for 
N in  of ammonia of urea i 
gms.  in gms.;  gms.; 
per cent.  per cenl 
5.25  o.315  4.56 
6.o  86.9 
2.96  o.I89  2.52 
6.4  85.1 
2.97  o.183  2.55 
6.2  85.8 
3.55  0.325  2.86 
9.2  8o.6 
3.4o  o.457  2.6o 
I3.4  76.5 
6.26  0.462  5.25 
7-4  83.9 
4-93  o.589  3.9o 
I1.9  79.0 
5.62  o.478  4.62 
8.5  82.2 
[ in form of N in form Undeter- 
creatinin  [ of NH  2 [ mined N 
in grns.;  [ in gms.;  in gins.; 
per cent.  ] per cent.  per cent. 
i 
o.o64  t  o.o53  o.258 
1.2  [  1.o  [ 4.9 
0.055  0.053  o.143 
1.8  1.8  4.8 
0.055  0.060  o.122 
1.9  2.0  4.I 
0.060  o.o51  0.254 
1.7  1.4  7.1 
0.054  0.061  0.228 
x.6  1.8  6.7 
o.052  O.O62  O-434 
0.8  i.o  6.9 
0.055  0.068  o.318 
I.I  1.4  6.5 
o.o62  0.074  o.386 
1.I  1.3  6.9 
Remarks. 
Fasting. 
Operation 
Tetany. 
Tetany. 
Tetany. 
Tetany. 
Two parathyroids  from the  left  lobe  and  the  entire  right lobe  of  the  thyroid 
were removed on  the  morning of  January 22.  Tetany  developed  two  days  later 
and  was  present  each  following  day  until  January  27,  when  the  animal  was 
found  dead.  After  operation there  was a  marked  increase  in  excretion  of  total 
nitrogen  and  ammonia  with  increased  ammonia  ratio  and  increase  in  undeter- 
mined  nitrogen.  Creatinin  and  amino  nitrogen  remained  unaltered. 
Dog 3  (table  IX)  presented  some very interesting  points.  The 
animal  was  fed on a  constant  diet  until  practically  in  equilibrium, 
and on the morning of November 3 ° ,  19o  9 , two parathyroids  were 
removed  from  each  side.  Following  the  operation  there  were  no 
signs  of  tetany  and  the  animal  was  apparently  perfectly  normal. 
There  was  no  change  in  the  daily  excretion  of  nitrogen,  but  for 446  Changes  in  Metabolism after  Parathyroidectomy. 
TABLE  VI. 
Dog  ~z.  Wright  6  kilos.  Fed  constant  d~et April  12  to  25.  Allowed  to  fez# 
April 26 to  May 6.  Given 3o0 c.c. of water daily  by  stomach tube. 
Date 
j~  •  . 
.~  o  ~.~o  ~  ~.~ 
300 
April 25--27  IOlO 
acid 
270 
"  27--28  IOIO 
acid 
210 
"  28--29  I010 
acid 
175 
"  29--30  IOI~ 
acid 
3o5 
"  3o--May i  lOO7 
acid 
I65 
May  x-2  IO24 
acid 
26o 
2--  3  1020 
acid 
280 
"  3-4  IOI6 
acid 
I5  o 
"  4-5  Io30 
acid 
May 6 animal 
found dead 
1.99  o.143  1.73 
7.2  86.9 
2.I6  0.z34  1.86 
6.2  86.I 
2.04  0.140  1.72 
6.9  84.3 
2.52  o.149  2.09 
5.9  82.9 
2.45  o.166  2.03 
6.8  82.8 
3.63  o.249  2.93 
6.9  80.7 
3.80  0.280  3.12 
7.4  82.1 
3.2 S  0.260  2.53 
8.0  77.8 
2.970.280  2.26 
9.4  76.x 
I 
0.046  0.052  0.019 
2.3  2.6  I.O 
0.047  o.o5I  0.068 
2.2  2.3  3.2 
0.048  0.054  0.078 
~.4  2.6  3.8 
0.045  0.053  o.183 
1.8  2.1  7.3 
o.o47  o.o53  o.154 
1.9  2.2  6.3 
o.o53  o.o84  o.314 
1.5  2.3  8.6 
o.o58  o.o79  o.263 
I. 5  2.I  6.9 
o.o5I  o.Io6  o.3o3 
1.6  3.3  9-3 
o.o45  o.I21  o.264 
1.5  4.1  8.9 
.o 
None 
None 
None 
None 
None 
Present 
Present 
Present 
Present 
Fasting. 
Operation. 
Tetany. 
Tetany. 
Tetany. 
Tetany. 
The entire right lobe of the thyroid and two large parathyroids from the left 
lobe  were  removed on the morning of  April  29.  The  dog  developed  tetany on 
the  second day  following, which persisted  until the  animal  was  found dead  on 
May 6.  There was an increased excretion of total nitrogen and ammonia with an 
increased amount of undetermined nitrogen.  No  change in ereafinin elimination 
occurred and there was only a  slight increase in amino nitrogen after the opera- 
tion.  Lactic  acid  appeared  in  the  urine  the  day  tetany  was  first  noticed  and 
persisted until [he  animal died. 
four  days  the  ammonia elimination was  practically  doubled.  A 
second  operation  was  performed on  December  8,  the  entire  left 
lobe of the thyroid being removed, with no alteration in the daily 
nitrogenous excretion, but with  the same increase in urinary am- Jean  V.  Cooke.  44:7 
TABLE VII. 
Dog  I5.  Weight  zo.6  kilos.  Fed  constant  diet  beginning  April  z9.  Allo~eed 
to fast  beginning  April 28.  Given 350  c.c.  of water daily  by stomach  tube. 
Date. 
April 26-27 
"  27--28 
64  28--2Q 
4,  29-30 
"  3o-May "r 
May  1--2 
"  2--  3 
,4  3--4 
"  4--5 
"  5--6 
"  6--7 
"  7 died 
Amount in 
:.c.; specific 
gravity; 
reaction. 
420 
I022 
acid 
350 
I030 
acid 
370 
zoI3 
acid 
40o 
IoI4 
acid 
415 
lOIl 
acid 
37o 
IOl  5 
acid 
375 
IOI6 
acid 
270 
1o27 
acid 
320 
I021 
acid 
230 
I025 
alkaline 
210 
I025 
alkaline 
Total N 
in gms. 
5.27 
5.49 
3.57 
3.27 
3.42 
3.IX 
3.x8 
5.90 
5.I3 
5.67 
5.24 
N in form 
of ammonia 
in gins. 
O.247 
0.275 
o.x78 
o.I85 
o.I69 
o.i6o 
0.224 
0.572 
0.708 
o.668 
o.686 
Per cent. of N 
in form of 
ammonia. 
4.7 
5.o 
5.0 
5.6 
4.9 
5.x 
6.I 
9.7 
x3.8 
xz.8 
x3.x 
Lactic acid. 
None 
None 
None 
None 
None 
None 
None 
Present 
Present 
Present 
Present 
Remarks. 
Fasting. 
Operation. 
Tetany. 
Tetany. 
Tetany. 
Tetany. 
On  May 2, the entire right lobe of the thyroid and two parathyroids  from 
the left lobe were removed.  Tetany developed on May 4 with increased  urinary 
nitrogen  and  ammonia  and  the  appearance  of  lactic  acid  in  the  urine,  all  of 
which lasted until the death of the animal on May 7. 
monia.  The  condition  of  the  animal  remained  unchanged.  On 
December  15,  the  dog was  put under ether anesthesia  for one and 
one  hail  hours  to  determine  whether  this  increased  ammonia  ex- 
cretion  was  due  to  the  anesthetic.  Following  the  anesthesia  the 
nitrogen  and  ammonia  remained  practically  unchanged,  and  the 
metabolic  studies  were  discontinued.  It  was  observed,  however, 448  Changes  in  Metabolism  after  Parathyroidectomy. 
TABLE  VIII. 
Dog  z.  Weight  5  kilos.  Fed  constant  diet  November  z  to  8.  Allowed  to  fast 
beginning  November  9.  Given  250  c.c.  of  water daily  by  stomach  tube, 
beginning  November  zz. 
Date. 
Nov.  I0--II 
II--I2 
"  i2_13 
*'  I3-14 
"  i4_i5 
"  15_i6 
"  I6-I7 
,,  17_i8 
"  18_19 
"  i9--20 
Nov. 20  died. 
acid 
260 
Ioi4 
acid 
IIO 
I030 
acid 
230 
lO15 
acid 
200 
lOI3 
acid 
17o 
IO2I 
acid 
215 
1016 
amphoteric 
210 
lO17 
alkaline 
200 
I017 
amphoteric 
225 
1022 
alkaline 
I  I  Amount in c.c.; I Total  N in ]  specific .gravity; I  gms.  I 
....  tin__  n.  I____I 
i=  2,5 
2.27 
2,23 
2.23 
2.I0 
2.65 
2.56 
2.71 
3.27 
4.58 
N  in form of 
ammonia in 
gills. 
o.134 
0.120 
o.123 
0.I32 
o.i23 
0.I80 
0.337 
0.308 
0.280 
o.443 
Per cent. of N 
in form of 
ammonia. 
4.9 
5.3 
5.5 
5.9 
5.9 
6.8 
13.2 
11.3 
8.6 
9.7 
Remarks. 
Fasting. 
Operation. 
The left lobe of the thyroid and  three parathyroids  from the  right lobe were 
removed on  November  15.  No  tetany  developed,  but  the  dog  became  dull  and 
apathetic,  sleeping most of the time until she died on November 20.  At autopsy, 
there was  no infection  of the operative wound  and  no cause  for  death  could be 
found.  No parathyroid  tissue could be found  in serial sections  of the  remaining 
right lobe of the thyroid.  There  was  an  increased  elimination  of  ammonia  and 
total  nitrogen  following the  operation,  although  no  tetany  was  noticed. 
that  the  reflexes  were  much  increased,  the  faintest  touch  of  a 
camel's  hair  brush  to  the  hair  on  the  neck,  back,  and  flanks 
causing  an  immediate  reflex  twitching  of  the  skin,  and  a  very 
light  tap  on  the  leg  muscles  causing  an  immediate  contraction 
of  the  entire  leg.  These  increased  reflexes  were  much  more Dog  3. 
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TABLE  IX. 
Weight  5.6  kilos.  Fed  constant  diet  beginning  November  22.  Given 
30o e.c. of water daily by stomach  tube. 
Date. 
Nov.  25-'27 
~J  27_28 
"  28_29 
"  29-30 
"  3o--Dec. I 
Dee.  x-2 
,,  2_  3 
"  3-4 
"  4-5 
"  5-6 
"  6-7 
"  7-8 
"  8-9 
"  9-IO 
Amount in c.c.; 
specific gravity; 
reaction. 
44O 
IOI4 
acid 
390 
IOI  5 
acid 
320 
Ioi9 
acid 
370 
Ioi7 
acid 
27  ° 
I020 
acid 
4r5 
Ioz3 
acid 
395 
ioi8 
acid 
350 
Io'r 7 
acid 
320 
Ioi8 
acid 
285 
I020 
acid 
5~5 
I020 
acid 
265 
I02I 
acid 
250 
Io25 
acid 
365 
IOI9 
acid 
370 
IO--II  IOI  9 
acid 
375 
II--I2  I022 
acid 
330 
i2-i  3  Io23 
acid 
Total 
gms, 
4.32 
4.58 
4.66 
4.74 
4.97 
4.4t 
4.36 
4.35 
4,I0 
4.29 
4.36 
4.33 
4.49 
4.3I 
4.I3 
4.25 
4-33 
in  N  in form of 
ammonia in 
gins. 
0.225 
0.236 
0.232 
0.240 
O.243 
0.366 
O.498 
0.506 
0.449 
0.297 
o.T3o 
o.t77 
0.586 
0.625 
0.423 
0.263 
0.306 
Per cent. of N 
in form of 
ammonia, 
5.2 
5.2 
5.o 
S.I 
4-9 
7.6 
II.2 
II°6 
xo.9 
6.9 
3.0 
4.I 
io.8 
z4.5 
I0.2 
6.2 
7.1 
Remarks. 
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Date. 
Dec.  x3-I4 
**  i4--I5 
"  15_I6 
"  i6_i7 
"  i7_I8 
"  i8_i9 
"  i9_20 
'*  20--2I 
"  21--22 
"  22_23 
Amount in c.c. 
specific gravity; 
reaction. 
400 
1o2o 
acid 
305 
Io25 
acid 
220 
IO3 I 
acid 
290 
1o28 
acid 
415 
I020 
acid 
38o 
I020 
acid 
340 
Io25 
acid 
450 
IoI8 
acid 
39o 
1022 
acid 
38o 
I020 
acid 
Total N  in 
gms. 
4.48 
4.22 
4.38 
4.55 
4.6o 
4.48 
4.46 
4.39 
4.33 
4.29 
N  in form of 
ammonia in 
gins. 
0.263 
o.127 
0.286 
Per cent. of N 
in form of 
ammonia. 
5-9 
3.0 
6.5 
Remarks. 
Anesthetized. 
o.297 
o.243 
o.246 
o.243 
o.I84 
o.I94 
o.189 
6.5 
5.3 
5.5 
5.4 
4.2 
4.5 
4.2 
marked  when  the  animal  was  fed  on  a  meat  diet  than  when  it 
was  fed  on  a  diet  containing  only  a  small  amount  of  protein. 
Also,  it  was  noted  that  when  fed a  liberal  meat  diet  there could 
be seen twitchings of the muscles of the tongue which disappeared 
when the meat diet was discontinued.  These phenomena persisted 
for six months following the operation, during which time the animal 
was under constant observation.  On October  19,  I9IO, more than 
ten  months  after  the  operations,  the  animal  became  suddenly 
violently ill with vomiting, attacks of extreme dyspncea, twitchings 
of the muscles, and convulsive attacks.  These symptoms persisted 
with  slight  remissions  until  the animal  died on October 2 3,  I9Io. 
No metabolic observations were made at this time.  At autopsy no 
lesions were found.  Serial sections of the remaining right lobe of 
the thyroid gland  showed a  hyperplasia of thyroid acini.  In  one 
portion,  a  very small  parathyroid  nodule  about  one  millimeter in Jean  V.  Cooke.  451 
diameter was found lying in a  connective tissue trabecula just be- 
neath the surface.  On the surface of the gland at this point could 
be seen a portion of silk suture which was used to ligate a parathy- 
roid at the operation. 
The  apparent  explanation  of  these  phenomena  is  as  follows: 
After the first operation, on December I, the animal developed a rela- 
tive parathyroid insufficiency which was  shown by a  transient in- 
crease in the urinary ammonia.  This was soon overcome, probably 
by hyperplasia of  parathyroid tissue  which  remained.  After the 
second operation,  on  December 9,  a  similar transient disturbance 
resulted, again followed by apparent recovery.  The anesthesia on 
December I6 served as a  control and had apparently no  effect on 
the animal in any way.  During the following ten months the animal 
had  merely a  very small  nodule of  parathyroid--apparently just 
enough parathyroid tissue to prevent any acute symptoms, and the 
increased reflexes after a full protein diet indicated that the dog was 
possibly on the verge of an acute parathyroid insufficiency.  From 
some unknown cause the small remaining nodule of parathyroid sud- 
denly became unable to  meet the demands made upon  it and the 
animal succumbed to the functional derangement thus created.  It 
is interesting that such an extremely small amount of tissue could 
preserve the  function of the parathyroid for so  long a  time with 
such  few  manifestations  of  insufficiency until  the  sudden  fatal 
attack.  A  control  experiment in  which probably  a  much  larger 
amount of parathyroid was left is shown in table II.  This animal 
had no symptoms nor any urinary changes. 
It will be seen from these experiments that there is after complete 
parathyroidectomy a  marked and constant increase in the urinary 
nitrogen and ammonia with an increased ammonia ratio; that the 
creatinin and  amino acids  remain practically unaltered, with pos- 
sibly a  slight increase in the undetermined nitrogen; and that  the 
increase in the  ammonia and undetermined nitrogen is  at the  ex- 
pense of the urea fraction.  In two of the animals--the only ones 
which were studied in this connection--lactic acid appeared in the 
urine coincident with the tetany and with the increased elimination 
of nitrogen and  ammonia.  One  animal,  in  which no  tetany was 
noted,  died  with  severe  nutritional  disturbances  following  the 452  Changes  in  Metabolism after  Parathyroidectomy. 
operation, and the urine showed the same increase in nitrogen and 
in  the  ammonia  fraction  that  characterized the  dogs  with  severe 
tetany.  In addition, one dog showed a marked but transient increase 
in the  ammonia elimination after  removal of practically all  para- 
thyroid tissue,  and although  it  showed no manifestation of tetany 
in the meantime, except increased muscular irritability,  it  died ten 
months  after  the  operation,  after  having  shown  typical  tetanic 
symptoms. 
That  the  tetany,  which  very  frequently  accompanies  the  com- 
plete removal of the parathyroids, is  a  symptom which in  rare in- 
stances  may not  be  present  is  shown by  one  of  the  experiments 
(dog  I,  table  VIII).  Although  observed  closely and  constantly, 
this animal showed no tetany, and it is scarcely possible that attacks 
should have intervened during the  night  and  should  have been so 
constantly  absent  in  the  frequent  periods  of  observation  during 
the day.  The urinary and post-mortem findings were quite similar 
to  those  of animals  which  developed  typical  tetany,  and  the  am- 
monia ratio reached on one day 13. 7  per cent. 
Probably one of the most significant observations in these experi- 
ments is  the appearance of lactic acid in  the urine after complete 
removal of  the parathyroids,  and  this  finding suggests  that  there 
may be other acid radicals in the urine in this condition which are 
less  easy to  demonstrate.  Several explanations  may be given  for 
the presence of lactic acid in the urine: first,  its excretion may de- 
pend on an increased formation by the muscles due to their increased 
activity in tetany; second, there may be some impairment of hepatic 
function, on the hypothesis  a° that one of the functions of the normal 
liver is the conversion of the lactic acid formed in the muscles into 
some other  substance;  third,  since  in  this  condition  there  is  also 
found an increased amount of ammonia in the circulating blood,  11 
the lactic acid may be formed to neutralize to a  certain extent this 
base; fourth, its appearance may be due to a condition of diminished 
oxidation; or fifth, to its non-transformation into dextrose? 2 
lo Salaskin  and  Zaleski, Ztschr. f. physiol.  Chem.,  19oo, xxix,  517. 
MacCallum and Voegtlin, loc.  cit.  Carlson and Jacobson, Proc. Soc. Exper. 
Biol. and Med.,  I91o,  vii, 50; Am..four.  Physiol., I9IO,  xxv, 403. 
'~ Neubauer, Deutsch. Arch.  f.  klin. Med.,  19o9, xcv, 21I. Jean  V.  Cooke.  453 
Concerning the first two hypotheses mentioned, little can be added 
to the statement that either may be an etiological  factor in the ap- 
pearance of lactic acid in the urine after parathyroidectomy.  That 
lactic acid  is  formed in  the  body  to  neutralize  an  excess  of  cir- 
culating  ammonia,  however,  seems  less  likely  than  the  reverse; 
namely,  that  the  ammonia  is  formed  to  neutralize  an  excessive 
formation of  lactic and possibly other acids.  The presence,  also, 
in  this  condition  of  an  increased  urinary  content  of  magnesium, 
as  shown  in  the  previous  paper, la  strengthens  this  view,  since  it 
would  indicate  that  other bases  in the urine besides  the  ammonia 
may  be  increased,  as  a  result  of  excessive  acid  elimination.  In 
this  respect  we  have  analogies  in  other  conditions  characterized 
by the presence of acids  in the urine;  for example,  it  is  generally 
held  that  in  diabetes  the  increased ammonia  and  alkali  excretion 
is secondary to an excessive acid production. 
Lactic  acid,  it  is  stated,  appears  in  the  urine  in  conditions  of 
diminished oxidation and this may explain its presence in the urine 
after  parathyroidectomy.  A  diminished  oxygen consumption  by 
the tissues is usually considered also to be accompanied by increased 
protein catabolism and by an increase in the urinary ammonia, and 
both these phenomena are  found in parathyroidectomized animals. 
The  dyspnoea too,  which is  such a  common symptom in  parathy- 
roidectomized dogs,  may be  an indication of  a  deficient oxygena- 
tion,  or  an  attempt  to  overcome  it.  Other  conditions  in  which 
increased nitrogen elimination is  found, such as diabetes, cachexia, 
metallic poisoning,  etc.,  can be  excluded,  and  it  seems  quite  pos- 
sible that the increased catabolism and lactic acid excretion is here 
due to an inability on the part of the body either to oxidize properly 
the  products  of  intermediary metabolism,  or  to  transform  them, 
e. g., lactic acid, into other compounds, e. g., dextrose.  14 
To whatever cause, however, this increased elimination of lactic 
acid may be  due, there does not seem to  be any evidence that  the 
serious condition of the parathyroidectomized animal is due to  the 
acid itself.  It seems that the augmented acid excretion is a second- 
ary and possibly a  relatively unimportant phenomenon attending a 
1"Jour. Exper. Med.,  191o  ,  xii,  45. 
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profound metabolic disturbance,  the nature of which it  is  not yet 
possible  to  determine.  There  is  some  indication  that  this  dis- 
turbance is  closely connected with  the processes  of  oxidation.  It 
is conceivable that an augmented excretion of alkalies and alkaline 
earths caused by an excess of circulating acid may have some rela- 
tion  to  the  tetany by  altering  the  salt  balance  of  the  nerve  cells 
with a  consequent hyperexcitability of the central nervous system. 
This  sequence of events,  however, or  at  least  the nervous  hyper- 
excitability,  does  not  occur  in  other  conditions  of  increased  acid 
elimination. 
It is interesting to note that the creatinin excretion does not vary 
and that there appears to be no deficient desamidation. 